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(54) HONEYCOMB STRUCTURE AND METHOD FOR MANUFACTURE THEREOF 



(57) A honeycomb structure made of a silicon car- 
bide-based porous body and having a number of 
through-holes extending in the axial direction, separat- 
ed by partition walls. The strength and Young's modulus 
of the silicon carbide-based porous body satisfy the fol- 
lowing relation: 

Strength (M Pa) / Young's modulus (GPa) £1.1. 



The honeycomb structure contains refractory particles 
such as silicon carbide particles and the like and yet can 
be produced at a relatively low firing temperature at a 
low cost, has a high strength and a high thermal shock 
resistance, and can be suitably used, for example, as a 
filter for purification of automobile exhaust gas by a 
treatment such as plugging of through-channel at its in- 
let or outlet, or as a catalyst carrier, even under a high 
SV condition. 
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Description 

Technical Field 

[0001] The present invention relates to a honeycomb structure used in a filter for purification of automobile exhaust 
gas, a catalyst carrier, or the like, as well as to a process for production of such a honeycomb structure. 

Background Art 

[0002] Porous honeycomb structures are in wide use as a filter for capturing and removing the particulate substance 
present in a dust-containing fluid (e.g. exhaust gas emitted from diesel engine), or as a catalyst carrier for loading 
thereon a catalyst component capable of purifying the harmful substances present in an exhaust gas. It is known that 
as a material constituting such a honeycomb structure, there are used refractory particles such as silicon carbide (SiC) 
particles and the like. 

[0003] As a specific technique related thereto, there is disclosed, in, for example, JP-A-6-1 82228, a porous, silicon 
carbide-based catalyst carrier of honeycomb structure, obtained by using, as a starting material, a silicon carbide 
powder having a given specific surface area and a given impurity content, molding the material into a desired shape, 
drying the molded material, and firing the resulting material at a temperature of 1 ,600 to 2,200°C. 
[0004] Meanwhile, there are disclosed, in JP-A-61 -26550, a process for producing a vitrifying material-containing 
refractory product, which comprises adding a vitrifying material to an easily oxidizable material or a refractory compo- 
sition containing an easily oxidizable material, mixing, kneading and molding them together with a binder, and open- 
firing the molded material in a furnace containing a non-oxidative atmosphere; and, in JP-A-8-1 651 71 , a silicon carbide 
molded material obtained by adding, to a silicon carbide powder, an organic binder and inorganic binders of clay mineral 
series, glass series and lithium silicate series and molding the resulting material. 

[0005] Also, in JP-A-6-1 82228 is introduced a process for producing a conventional porous, silicon carbide-based 
sintered body, which comprises adding, to silicon carbide particles as an aggregate, a binder such as vitreous flux, 
clayey material or the like, molding them, and firing the molded material at a temperature at which the binder melts. 
[0006] Further, as to a high-temperature use ceramic filter produced by molding refractory particles which consist of 
silica sand, a ground pottery, a metal oxide (e.g. Al 2 0 3 , Ti0 2 or Zr0 2 ), silicon carbide, nitride, boride, other refractory 
material, or the like and which are adjusted to a given grain size, to a porous, bottomed cylindrical material using a 
refractory binder such as water glass, frit, glaze or the like, there are disclosed, in JP-B-61 -13845 and JP-B-61 -13846, 
the preferred average particle diameter and particle size distribution of refractory particles, the preferred porosity, av- 
erage pore diameter, pore volume and partition wall thickness of cylindrical material, etc. 

[0007] In the sintering (necking between particles) caused by the recrystallization of silicon carbide powder per se, 
shown in JP-A-6-1 82228, the silicon carbide component vaporizes from the surfaces of silicon carbide particles and 
the vaporized silicon carbide component condenses at the contact areas (necks) between silicon carbide particles; as 
a result, the necks grow and the particles are bonded to each other. There are problems, however, that this method 
brings a high cost since a very high firing temperature is required to be employed in order to vaporize silicon carbide, 
and that the yield after firing is reduced since a material of high thermal expansion coefficient is required to be fired at 
a high temperature as well. 

[0008] The above process allows production of a porous body of high strength; however, the porous body has a high 
Young's modulus which is derived from the physical properties possessed by the silicon carbide used as a raw material. 
[0009] In general, coefficient (R) of thermal shock resistance is shown by the following formula (1 ). In the following 
formula, S is a fracture strength, v is a Poisson ration, E is a Young's modulus, and a is a thermal expansion coefficient, 
v and a are characteristic values of each material and are almost constant in each material; meanwhile, S and E vary 
greatly depending upon the porosity, fine structure, etc. of each material. 

R = S(1 - v)/Ecc (1) 

[0010] As shown in the above formula, thermal shock resistance is directly proportional to strength but inversely 
proportional to Young's modulus. Therefore, according to the process for producing a sintered body disclosed in JP-A- 
6-1 82228, a sintered body having a sufficient thermal shock resistance, while it has a high strength though, can not 
be produced since Young's modulus becomes high. 

[0011] Meanwhile, there is a problem that a localized heat generation is caused by the low thermal conductivity of 
the filter in the case of the technique of bonding a silicon carbide powder (as a raw material) with a vitreous material, 
shown in JP-A-61 -26550 and JP-A-6-1 82228 wherein a low firing temperature of 1 ,000 to 1 ,400°C is employed; if one 
tries to burn the particulates collected by and deposited on the filter for reactivation of the filter, in the case that the 
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sintered body produced by the technique is used, for example, as a diesel particulate fitter (DPF) for removing the 
particulates contained in the exhaust gas emitted from a diesel engine. 

[0012] Further, the filter shown in JP-B-61 -13845 and JP-B-61-13846 is porous but is a bottomed cylindrical material 
having a large partition wall thickness of 5 to 20 mm; therefore, there is a problem that the filter is not usable under 

5 the high space velocity (SV) condition like a filter for purification of automobile exhaust gas. 

[0013] The present invention has been made in view of the above-mentioned situation of the prior art, and is intended 
to provide a honeycomb structure which contains refractory particles such as silicon carbide particles and the like and 
yet can be produced at a relatively low firing temperature at a low cost, which has a high strength and a high thermal 
shock resistance, and which can be suitably used, for example, as a filter for purification of automobile exhaust gas 

10 by a treatment such as clogging of through-channel at its inlet or outlet, or as a catalyst carrier, even under a high SV 
condition; and a process for producing such a honeycomb structure. 

Disclosure of the Invention 

15 [0014] According to the present invention there is provided a honeycomb structure made of a silicon carbide-based 
porous body and having a plural number of through-channels extending in the axial direction, separated by partition 
walls , characterized in that the strength and Young's modulus of the silicon carbide-based porous body satisfy the 
following relation: 

-) 

Strength (M Pa) / Young's modulus (GPa) £1.1. 

[0015] In the present invention, the strength and Young's modulus of the silicon carbide-based porous body preferably 
satisfy the following relation: 

25 

Strength (MPa) / Young's modulus (GPa) ^ 1.25. 

[0016] Further in the present invention, the strength and Young's modulus of the silicon carbide-based porous body 
30 preferably satisfy the following relation. In the present invention, the silicon carbide-based porous body preferably 
contains silicon carbide particles as aggregate and metallic silicon as a binder: 

Strength (MPa) / Young's modulus (GPa) ^ 1.3. 

35 

[0017] According to the present invention, there is also provided a process for producing a honeycomb structure, 
which comprises adding metallic silicon and an organic binder to raw material silicon carbide particles, mixing and 
kneading them to obtain a readily formable puddle, molding the readily formable puddle into a honeycomb-shaped 
molded material, calcinating the molded material to remove the organic binder in the molded material, and firing the 
o resulting material, characterized in that the addition amount of the metallic silicon is 15 to 40% by weight based on the 
total amount of the raw material silicon carbide particles and the metallic silicon. 

[0018] In the present invention, the firing is preferably conducted in a temperature range of 1 ,400 to.1 ,600°C. 
Brief Description of the Drawing 

45 

[001 9] Fig. 1 is a graph obtained by plotting residual strength and strength at room temperature against a temperature 
difference AT (°C) between electric furnace and water. 

Best Mode for Carrying Out the Invention 

50 

[0020] The honeycomb structure of the present invention is constituted by a silicon carbide-based porous body, and 
the silicon carbide-based porous body is produced so as to have strength and a Young's modulus satisfying the following 
relation. 

Strength (MPa) / Young's modulus (GPa) ^ 1 .1 
[0021] As mentioned previously, thermal shock resistance is inversely proportional to Young's modulus; therefore, 
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to reduce Young's modulus relative to strength is important in order to obtain a honeycomb structure of high thermal 
shock resistance. When the above value is less than 1.1, the resulting honeycomb structure is low in thermal shock 
resistance and, when such a honeycomb structure is used, for example, as a diesel particular filter (DPF) for removing 
the particulates contained in an exhaust gas emitted from a diesel engine and when the particulates collected by and 
5 deposited on the filter are burned for reactivation of the filter, a sharp temperature difference appears in the filter and 
may break the filter; therefore, such a value is not preferred. In the honeycomb structure of the present invention, the 
ratio of strength and Young's modulus, of the silicon carbide-based porous body constituting the honeycomb structure 
is set so as to satisfy the above formula; therefore, the present honeycomb structure shows an excellent thermal shock 
resistance. 

10 [0022] It is preferred to set the ratio of strength and Young's modulus, of the silicon carbide-based porous body so 
as to satisfy the following formula, because a better thermal shock resistance is obtained. 
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Strength (MPa) / Young's modulus (GPa) ^ 1 .25 

[0023] It is particularly preferred to set the ratio of strength and Young's modulus, of the silicon carbide-based porous 
body so as to satisfy the following formula, because a sufficient thermal shock resistance is obtained. 

Strength (MPa) /Young's modulus (GPa) ^1.3 

[0024] When the strength and Young's modulus of the silicon carbide-based porous body are set so as to roughly 
satisfy the following relation, the honeycomb structure made of such a silicon carbide-based porous body may be used 
with no problem in, for example, DPF. 

Strength (MPa) / Young's modulus (GPa) ^4.0 

[0025] In the above formula, a value exceeding 4.0 is desirable from the standpoint of thermal shock resistance; 
30 however, since it means a low Young's modulus, the honeycomb structure constituted by such a silicon carbide-based 
porous body may have strain therein and the strain gradually grows in the long-term use of the honeycomb structure 
and may incur the fracture thereof. Therefore, such a value is not preferred. 

[0026] The silicon carbide-based porous body constituting the honeycomb structure of the present invention, pref- 
erably contains silicon carbide particles as aggregate and metallic silicon as a binder for bonding between silicon 
35 carbide particles. Thereby, in its production, a relatively low sintering temperature can be used for sintering, and a 
honeycomb structure having an excellent thermal shock resistance can be obtained without conducting firing at a very 
high temperature such as shown in JP-A-6-1 82227. As a result, the production cost can be kept low and the yield can 
be made high. 

[0027] The honeycomb structure of the present invention uses metallic silicon for bonding between silicon carbide 
40 particles and accordingly has a high thermal conductivity as compared with conventional structures using a vitreous 
material for bonding between refractory particles; therefore, when it is used, for example, as a DPF and when the 
particulates deposited on the filter are burned for reactivation of the filter, there appears no local heat generation such 
as to damage the filter. Further, the honeycomb structure of the present invention is not a bottomed cylindrical material 
of large wall thickness such as shown in JP-B-61-13845 or JP-B-61-1 3846, but a porous honeycomb structure; there- 
45 fore, it can be used under a high SV condition, for example, as a filter for purification of automobile exhaust gas or as 
a catalyst carrier. 

[0028] Next, description is made on the process for producing the honeycomb structure of the present invention. In 
producing the honeycomb structure of the present invention, first, metallic silicon and an organic binder are added to 
raw material refractory particles, and they are mixed and kneaded according to an ordinary method to obtain a readily 
so formable puddle. 

[0029] As the refractory particles used in the present invention, there are used silicon carbide particles in view of the 
thermal resistance, etc. in considering that the honeycomb structure to be produced is used in, for example, a DPF 
which is often exposed to high temperatures when the particulates deposited on the DPF are burned. As other refractory 
particles used preferably, there can be mentioned oxides such as Al 2 0 3 , ZrO s> Y 2 0 3 and the like; carbides such as 
55 SiC and the like; nitrides such as Si 3 N 4 , AIN and the like; mullite; and so forth. Raw materials for refractory particles 
(e.g. silicon carbide) and metallic silicon contain small amounts of impurities such as Fe, Al, Ca and the like in some 
cases; however, they may be used per se or after purification by chemical treatment such as chemical washing or the 
like. 
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[0030] In order to obtain a silicon carbide-based porous body having a preferred strength-to-Young's modulus ratio 
such as mentioned above, there can be mentioned a method of using, as a binder, a material of small Young's modulus 
such as metal or the like. In particular, metallic silicon used in the honeycomb structure and production process thereof, 
of the present invention is an excellent binder in view of the thermal resistance, corrosion resistance, handleability, 
5 etc. However, since the strength-to-Young's modulus ratio mentioned above has a close correlation with the fine struc- 
ture of the silicon carbide-based porous body obtained, use of metallic silicon alone is not sufficient and it is necessary 
to optimize the mlcrostructures of the silicon carbide-based porous body which is determined by the particle diameters 
and compositions of the raw materials used, the firing temperature employed, etc. 

[0031] The metallic silicon melts during firing and wets the surfaces of the silicon carbide particles and acts so as to 
10 bond the particles with each other. In the present process for producing a honeycomb structure, the appropriate addition 
amount of metallic silicon varies depending upon the particle diameters and shape of silicon carbide particles, but 
needs to be 13 to 35% by weight and is preferably 1 5 to 35% by weight, more preferably 1 8 to 32% by weight based 
on the total amount of silicon carbide particles and metallic silicon. 

[0032] An addition amount of metallic silicon of less than 15% by weight is not preferred because the low Young's 
15 modulus brought about by the use of metallic silicon does not appear sufficiently. An addition amount of more than 
40% by weight is not preferred, either, because the resulting honeycomb structure has a dense structure and gives a 
high Young's modulus. 

[0033] The readily formable puddle obtained is molded into a desired honeycomb shape by extrusion or the like. 
Then, the resulting molded material is calcinated (degreased) to remove the organic binder contained therein, followed 
o by firing. The calcination is preferably conducted at temperatures lower than the temperature at which the metallic 
silicon melts. Specifically, the molded material may be calcinated by once keeping at a predetermined temperature of 
about 150 to 700°C, or may be calcinated by using a small temperature elevation rate of 50°C/hr or less in a prede- 
termined temperature range. 

[0034] When the calcination is conducted by once keeping the molded material at a predetermined temperature, the 

25 predetermined temperature may be one temperature level or may be a plurality of temperature levels depending upon 
the kind and amount of the organic binder used; when the molded material is kept at a plurality of temperature levels, 
the times of keeping at these temperature levels may be the same or different. When the calcination is conducted by 
using a small temperature elevation rate, the small temperature elevation rate may be used only in one temperature 
range or in a plurality of temperature ranges; when the small temperature elevate rate Is used in a plurality of temper- 

30 ature ranges, the temperature elevation rates in these temperature ranges may be the same or different. 

[0035] The atmosphere used in the calcination may be an oxidizing atmosphere. However, when the organic binder 
is contained in the molded material in a large amount, the organic binder may be burned violently by the action of 
oxygen during the calcination to incurthe quick temperature increase of the molded material; therefore, the calcination 
is preferably conducted in an inert atmosphere such as N 2 , Ar or the like in order to prevent the abnormal temperature 

35 increase of the molded material. The prevention of the abnormal temperature increase is important when a raw material 
of large thermal expansion coefficient (low thermal shock resistance) is used. When the organic binder is used in an 
amount of 20% by weight or more based on the main raw material (as a superaddition), the calcination is preferred to 
be conducted in the above-mentioned inert atmosphere. Also when the refractory particles are SiC particles or those 
which may be oxidized at high temperatures, it is preferred that the calcination is conducted in the inert atmosphere 

*o at least at a temperature at which the oxidation begins and at higher temperatures to prevent the oxidation of the 
molded material. 

[0036] The calcination and the subsequent firing may be conducted in different steps in one furnace or different 
furnaces. Or, they may be conducted in a continuous step in one furnace. The former operation is preferred when the 
calcination and the firing are carried out in different atmospheres; however, the latter operation is preferred from the 

45 standpoints of total time of calcination and firing, furnace operating cost, etc. 

[0037] In order to obtain a structure in which the refractory particles are bonded by the metallic silicon, the metallic 
silicon must soften. In the present process for producing a honeycomb structure, the temperature range of the firing 
is preferably 1 ,400 to 1,600°C. The optimum firing temperature is determined from the fine structure and properties 
required for the honeycomb structure produced; however, the firing temperature is more preferably 1 ,450 to 1 ,6O0°C, 

50 further preferably 1 ,450 to 1 ,550°C. 

[0038] A firing temperature of lower than 1 ,400°C is not preferred because the terriperature is lower than the melting 
point (1 ,41 0°C) of metallic silicon and no porous structure is obtainable. A firing temperature of higher than 1 ,600°C 
is not preferred, either, because no sufficient reduction in Young's modulus owing to use of metallic silicon is obtainable. 
[0039] Incidentally, the production process employing recrystallization, shown in the above-mentioned JP-A- 

55 6-1 82228 enables bonding between silicon carbide particles and produces a sintered body of high thermal conductivity; 
however, since sintering is allowed to take place by vaporization and condensation, as mentioned previously, and 
silicon carbide is vaporized, a firing temperature higher than that used in the present production process is needed 
and firing at 1 ,800°C or more ordinarily at 2,000° C or more is necessary in order to obtain a silicon carbide sintered 
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body which is usable practically. 

[0040] The atmosphere used in the firing is preferably selected depending upon the kind of the refractory particles 
used. In the present invention, since silicon carbide particles are used as the refractory particles, oxidation there of at 
high temperatures is feared. Therefore, it is preferred to use a non-oxidizing atmosphere such as N 2 , Ar or the like at 
least at a temperature at which oxidation begins and at higher temperatures. 

[0041] The present invention is described in more detail below by way of Examples. However, the present invention 
is in no way restricted to these Examples. 

(Examples 1 and 2) 

[0042] A raw material SiC powder having an average particle diameter shown in Table 1 and a metallic Si powder 
having an average particle diameter of 4 were compounded so as to give a composition shown in Table 1 . To 1 00 
parts by weight of the resulting powder were added 6 parts by weight of methyl cellulose as an organic binder, 2.5 
parts by weight of a surfactant and 24 parts by weight of water, followed by uniform mixing and kneading to obtain a 
readily formable puddle. The readily formable puddle was molded, using an extruder, into a honeycomb shape having 
an outer diameter of 45 mm, a length of 1 20 mm, a partition wall thickness of 0.43 mm and a cell density of 1 00 cells/ 
in 2 (1 6 cells/cm 2 ). The honeycomb molded material was calcinated for degreasing, in an oxidizing atmosphere at 550°C 
for 3 hours and then fired in a non-oxidizing atmosphere at a temperature shown in Table 1 for 2 hours, to produce 
silicon carbide porous sintered bodies of honeycomb structure (Examples 1 and 2). Test pieces were cut out from the 
sintered bodies, and measured for average pore diameter and porosity using a mercury porosimeter. Further, using a 
material tester, the test pieces were further measured for strength according to four-point bending strength test, and 
measured and calculated for Young's modulus (from the relation between load and displacement) according to static 
elastic modulus test method; and the results obtained are shown in Table 1 . Furthermore, the crystal phase was iden- 
tified by X-ray diffraction, which confirmed that they were composed of SiC and Si. 

(Comparative Example 1 ) 

[0043] A silicon carbide porous sintered body of honeycomb structure was produced in the same procedure as in 
Examples 1 and 2 except that no metallic Si powder as a raw material was used, and under the recrystallization con- 
ditions shown in Table 1 (Comparative Example 1). The sintered body was measured and calculated for properties in 
the same procedure as in Examples 1 and 2, and the results obtained are shown in Table 1 . Further, the crystal phase 
was identified by X-ray diffraction, which confirmed that it was composed of SiC alone. 
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(Thermal shock resistance test (in-water rapid cooling test)) 

[0044] Samples (test pieces cut out from the sintered bodies of Examples 1 and 2 and Comparative Example 1) 
were placed in an electric furnace of predetermined temperature and then put into water of room temperature for rapid 
cooling. Thereafter, the samples were measured for strength according to four-point bending strength test. 
[0045] The strength of sample before heating in electric furnace was taken as "strength at room temperature", and 
the strength of sample after rapid cooling was taken as "residual strength"; residual strength/strength at room temper- 
ature was plotted against temperature difference AT (°C) between electric furnace and water, and the resulting graph 
is shown in Fig. 1. 

[0046] In Comparative Example 1, the strength begins to decrease when the temperature difference AT reaches 
300°C; in contrast, in each of Examples 1 and 2, the strength begins to decrease when the temperature difference AT 
reaches 400°C. Thus, the excellent thermal shock resistance of the present invention could be confirmed. Further, 
when Example 1 is compared with Example 2, Example 2 shows a smaller reduction in strength than Example 1 and 
was superior in thermal shock resistance. 

Industrial Applicability 

[0047] As described above, in the honeycomb structure of the present invention, the strength and Young's modulus 
of the silicon carbide-based porous body constituting the honeycomb structure are set so as to have a particular ratio; 
therefore, the present honeycomb structure has an excellent thermal shock resistance as compared with honeycomb 
structures produced by conventional recrystallization. Further, the present honeycomb structure contains silicon car- 
bide particles as refractory particles and yet can be produced at a relatively low firing (sintering) temperature; therefore, 
it can be produced at a low cost, shows a high yield, and can be provided inexpensively. Furthermore, the present 
honeycomb structure has not only an excellent thermal shock resistance but also a high thermal conductivity; therefore, 
when used, for example, as a DPF and when the particulates deposited thereon are burned for filter reactivation, there 
occurs no local heat generation such as to damage the filter. Moreover, being porous, the present honeycomb structure 
can be suitably used, for example, as a filter for purification of automobile exhaust gas or a catalyst carrier, even under 
a high SV condition. 



Claims 

1. A honeycomb structure made of a silicon carbide-based porous body and having a plural number of through- 
channels extending in the axial direction, separated by partition walls, characterized in that strength and Young's 
modulus of silicon carbide-based porous body satisfy the following relation: 

Strength (MPa) / Young's modulus (GPa) a 1.1. 

2. A honeycomb structure according to Claim 1 , wherein the strength and Young's modulus of the silicon carbide- 
based porous body satisfy the following relation. 

Strength (MPa) / Young's modulus (GPa) ^ 1 .25 

3. A honeycomb structure according to Claim 1 , wherein the strength and Young's modulus of the silicon carbide- 
based porous body satisfy the following relation. 

Strength (MPa) / Young's modulus (GPa) ^ 1.3 

4. A honeycomb structure according to any of Claims 1 to 3, wherein the silicon carbide-based porous body contains 
silicon carbide particles as an aggregate and metallic silicon as a binder. 

5. A process for producing a honeycomb structure, which comprises adding metallic silicon and an organic binder to 
raw material silicon carbide particles, mixing and kneading them to obtain a readily formable puddle, molding the 
readily formable puddle into a honeycomb-shaped molded material, calcinating the molded material to remove the 
organic binder in the molded material, and firing the resulting material, characterized in that the addition amount 
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of the metallic silicon is 15 to 40% by weight based on the total amount of the raw material silicon carbide particles 
and the metallic silicon. 

A process for producing a honeycomb structure according to Claim 5, wherein the firing is conducted in a temper- 
ature range of 1 ,400 to 1 ,600°C. 
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